A systematic endocrine investigation indementia, depression andcontrol subjects showed that plasma growth hormone (GH) was higher in the morning and plasma TSH concentrations were higher throughout the day in Alzheimer-type dementia (ATD) than in age-matched depressed patients (MDD), and plasma TSH concentrations were also higher throughout the day in female ATD compared with age-matched female control subjects. The increased plasma TSH concentrations could not be due to reduced negative feedback because plasma T3, T4 and rT3 were in the normal range. Plasma concentrations of oestrogen-stimulated neurophysin (ESN) were lower throughout the day in ATD compared with MDD and controls and lower in the morning compared with otherdementias.
The neuropathological (Ishii, 1965) and some of the neurochemical features of Alzheimer-type dementia (ATD) affect not only the cerebral cortex but also subcortical structures, including the hypothalamus, in which there is a reduction of choline acetyl transferase (Davies, 1979) , noradrenaline (Yates et a!, 1981) andofsomatostatin concentrations (Davies eta!,1982) . Somatostatin isalso reduced inCSF in patients with ATD (Wood eta!, 1982) . Acetylcholine, noradrenaline and somatostatin are involved in the control of the secretion of pituitary hormones (Reichlin, 1985) , and the aim of the present study was to determine whether in ATD the central changes in these neurotransmitters are reflected in the basal secretion of pituitary hormones.
There have been few previous neuroendocrine studies in ATD. The majority of the studies have focused on the dexamethasone suppression test (DST), and a high incidence of early escape from dexamethasone suppression has been reported in patients withpresenile (Raskindeta!,1982; Balldin eta!,1983) and senile ATD (Spar & Gerner, 1982; Coppen eta!, 1983) . Samorajski et al(l982) reported raised plasma prolactin concentrations in patients in hospital with senile dementia, but this finding was not confirmed in presenile ATD (Balldin eta!, 1983) ; and in a study of a small number of patients, Hyyppa eta!(1980) found theCSF prolactin concentrations were lower in patients with cerebral atrophy. Reduced sleep-related secretion of growth hormone (GH) was described in three ATD patients as compared with three age-matched control subjects (Davis et a!, 1982) .
The present study was designed to test hypotheses that plasma concentrations of pituitary hormones would (a) reflect changes in central neurotransmitters that occur in ATD and (b) prove useful in the differential diagnosis of ATD from other causes of dementia and depression, which is sometimes diffi cult, especially in elderly patients. The study compared hormone profiles in patients with presenile onset of ATD with those of major depressive dis orders (MDD), other types of dementia and control subjects. ATD of presenile onset was studied because although the reduction in choline acetyltransferase is similar in older compared with younger patients with ATD (Yates eta!, 1983b) , younger patients with ATD have a more extensive loss of noradrenaline (Yates et a!, 1983b; Rossor et a!, 1984) and somatostatin (Pierotti eta!,1986) .
Method

Alzheimer's type dementia
Patients who had developed symptoms suggestive of dementia before the age of 65 were admitted to hospital for investigation. The 18patients who met these criteria for ATD and were admitted to the study were all free of psychotropic drugs for at least 6 months before and throughout the duration of the study. They were assessed using the following psychological tests:
(a) orientation (Wechsler, 1955) @,) short-term memory, forward and backward digit span (Wechsler, 1955 ) (c) long-term memory, Logical Memory (Wechsler, 1955) and Paired Associates Learning (Isaacs & Walky, 1964) (d) agnosia â€"¿ common objects; pictures; colours; audi tory agnosia; tactile agnosia; naming of body parts (Eisenson, 1954 ) (e) apraxia -hand position; finger flexion; use of objects; intrasensitive gestures (Kimura & Archibald, 1974) . Severely demented hospitalised patients were excluded but a wide range of severity of dementia was represented within the ATD population.
Two patients were still in regular employment, three others were living alone while the remainder required the close support of relatives to remain in the community. The patients were reassessed 12 months later and only if the diagnosis remained unchanged were they included in the study.
Other dementias
Demented patients who after full investigation, failed tomeet the criteria for ATD were included in the study and formed a dementiagroupwhowereunlikelyto haveATh. Fiveof the nine patients had focal changes on the CT scan suggestiveof vasculardiseaseand weregivena diagnosisof multi-infarct dementia. Two patients presented with personality and behavioural changes which were more pronounced than memory impairment. Both showed frontal lobe patterns of response in psychological tests and the provisional diagnosis wasPick's disease.One patient had the typicalfeaturesof Huntington's chorea and a positive family history, while another patient had dementia associated with bilateral spasti city in the lower limbs, with a diagnosis thought to be disseminated sclerosis. All nine patients were free of psycho tropic drugs for at least 6 months before the study.
Depressed patients
Patients with symptomsof a depressiveillness, who had been free of antidepressant and neuroleptic drugs for at least 6 months, were selected from routine admissions to the Royal Edinburgh Hospital. The 16 patients admitted to the study remained free of antidepressant and neuroleptic drugs for the duration of the study. Eight patients were totally drug-free, seven patients received night sedation in the form of a benzodiazepineor chloral hydrate and one patient had received a recent course of ampicillin.
The depressed patients were all interviewed using the Present State Examination (PSE) Wing ci a!, 1974)
within a few days of admission to hospital and were also assessed using the Hamilton Depression Rating Scale (Hamilton, 1960 
Control subjects
The 37 control subjects â€"¿ hospital staff and non-hospital associated volunteers â€"¿ were in good health and had not been taking any medication, including oral contraceptives, for at least 6 months.
Age and sex Table I shows the mean age, age range and male/female composition of the patient groups and control subjects.
Sevendepressedpatients and 11control subjects were of similar age to the ATD patients. In the instances when plasma concentrations of a hormone showed a significant correlation with age within the total control population, only the age-related groups were used in statistical comparsons. Comparisons of plasma concentrations of luteinising hormone (LH) between ATD and control subjects were made only in post-menopausal women. 
Informed consent
All patients and control subjects consented to the study procedures, which they understood were undertaken only for research purposes. In cases where there was any doubt about a patient's understanding,the agreementof a close relative was sought before the patient was included.
Blood sampling
An in-dwellingcannula was inserted at approximately (@:40, kept patent by heparinised saline and left in place until 24:00. Blood samples were taken at 07:00,07:30 and 08:00 (morning), 15:00, 15:30 and 16:00 (afternoon), and 23:00, 23:30 and 24:00 (evening). This blood sampling technique, designed totakeaccountofthediurnal and pulsatile pattern 676 CHRISTIE ET AL of hormone secretion, allowed calculation of mean values for morning, afternoon and evening periods. In 15 ATD, 13 MDD and 9 other dementia patients a dexamethasone suppression test was carried out after the initial sampling day. Dexamethasone, 1 mg in a syrup, was given at 24:00 and blood samples were taken the following day at 08:00, 16:00 and 23:00. Blood samples were collected in lithium heparin-coated tubes containing 100k IU Trasylol, and kept at 4Â°C before and during centrifugation. Plasma was stored at â€"¿ 40Â°C until assay.
Hormonal assays
Plasma hormone concentrations of OH, TSH, prolactin (PRL), LH and oestrogen-stimulated neurophysin (ESN) were determined using the NIADDK radioimmunoassay kits. The reference preparations were as follows: for OH, HS2243E; for TSH, WHO 1st IRP 68/38; for PRL.
NIAMDD-HPRL-RP-l (AFP-23l2C); and for LH, LER 907. The reference preparation for ESN was that given to NIADDK by Dr A. Robinson, University of Pittsburg. Anti-rabbit gamma globulin (Scottish Antibody Production Unit (SAPU), Carluke, Scotland) at a fmal dilution of 1/100 was used as a second antibody. All samples were measured in duplicate. The sensitivity of the assays (90% B/Bo) were 1.6 mU/litre for OH (100 g@l sample); 0.8 mU/litre for TSH (2001d sample); 70 mU/litre for PRL (50 @sl sample); 0.60 U/litre for LH (100 d sample); and 85 pmol/litre for ESN (100 @dsample). The intra-assay coefficients of variation (COy) were 7.1% (low pool -5.3 mU/litre and 7.4% (high pool -40.0 mU/litre) for OH; 6.2% (low pool -4.1 mU/litre) and 6.0% (high pool â€"¿ 13.8 mU/litre) for TSH; 6.6% (low pool -182 mU/litre) and 5.4% (high pool -1.31 U/litre) for PRL; 7.4% (low pool â€"¿ 1.34U/litre) and 3.4% (high pool â€"¿ 3.35 U/litre for LH; and 5.8Â°lo (low pool -332 pmol/litre) and 4.9% (high pool672pmol/litre) for ESN. The inter-assayCOy were8.4% (lowpool) and 7.4% (highpool) for OH; 7.0% (lowpool) and 9.1% (high pool) for TSH; 9.9% (low pool) and 8.4% (high pool) forPRL; 10.3% (low pool) and 8.9% (high pool) for LH; and 8.4% (low pool) and 7.8% (high pool) for ESN.
Total cortisol concentrations were determined by radio immunoassay using a modification of the method of Seth & Brown (1978) with an antiserum (SAPU), raised in sheep against cortisol-3-0-carboxymethyloxime-bovine serum albumin. Anti-sheep/goat serum (SAPU) at a final tube dilution of 1/83 was used as the second antibody. The sensitivity of the assay (90% B/Bo) was 11.6 nmol/litre cortisol. The intra-assay COV were 2.2% (low pool -153 nmol/litre), 2.8% (middle pool â€"¿ 310 nmol/litre) and 3.2% (high pool -560 nmol/litre). The interassay COV were 4.6% (low pool). 2.68% (middle pool) and 6.34% (high pool).
Statistical analysis
The distributions of the mean morning (07:00, 07:30 and 08:00), afternoon (15:00, 15:30and 16:00)and evening and prolactin concentrations correlated with age and that comparisonsbetweenATh and othergroupswouldrequire age-matching. Plasma concentrations of TSH, cortisol and ESN were similar in male and female control subjects at all three time periods. Plasma OH concentrations were higher in female as comparedwithmalecontrol subjectsin the eveningonly (P<0.01) and plasma prolactin concentrations were higher in female compared with male control subjects in the afternoon (P<0.02). Whenthe femalecontrol population was divided into pre-and post-menopausal groups, the post menopausal women, as expected, had higher plasma LH concentrations at all three times of day (P<0.02) than the pre-menopausal women.
Growth hormone This patient's thyroid status was reassessed over a 4-year period, during which she developed no features of hypothyroidism, her T3 and T4 remained within the normal range and her plasma TSH concentrations gradually declined to a value of 10.9 mU/litre.
Cortisol
At all three time periods, MDD had higher plasma cortisol concentrations than control subjects (P<0.05) but not significantly greater than ATD (Table III) . In the evening, AID patients and also the other dementia patients had significantly higher plasma cortisol concentrations than control subjects (P<0.05). Intercorrelatlons between plasma concentrations of TSH, GH, cortisol, prolactin and ESN in AID and In control subjects Plasma cortisol concentrations in the evening were inversely related to ISH concentrations in AID (r= â€"¿ 0.50, P<0.05) but not in control subjects. Plasma ISH concentrations in the morning positively correlated with PRL concentrations in AID (r=0.50, P<0.05). Afternoon plasma concentra tions of OH correlated inversely with ESN concentrations in ATD (r= â€"¿ 0.52, P<0.05). In the control subjects the only significant correlation was a positive correlation between evening plasma concentrations of OH and PRL (r=0.83, P<0.001).
Diagnostic Implications
Morning plasma ISH concentrations were useful in discriminating between AID and age-related MDD patients, with 13AID patients (72Â°lo) but none of the MDD patients havingTSH concentrationgreaterthan 4.5 mU/litre. When morning plasma TSH and ESN concentrations (ISH> 4.5 mU/litre; ESN < 170 pmol/litre) were used to discriminate between AID, MDD, other dementias and control subjects, 75Â¾of the AID patients were correctly identified, together with one patient with multi-infarct dementia and one control subject, but no MDD patients; a specificity of 86% (Fig. 2) .
Discussion
The present study has identified selective changes in plasma concentrations of TSH, OH and ESN that are specific to ATD and which can be related to the Table IV other dementias-P<zO.05(conversion,SI to traditional units, 1pmol/l=0.012 @tg/l).
14.6 Â± 2.2 U/litre, afternoon 14.3 Â± 1.9 U/litre, evening 13.9Â±1.4 U/litre). . 170.170.29â€"0.060.230.16â€"0.21â€"0.14â€"0.16 known neurochemical deficits in AID. Although raised plasma OH concentrations could be due to increased release of OH-releasing hormone (OHRH), it is more likely in ATD to be due to decreased release of somatostatin, which is known to be deficient in AID. Since somatostatin also inhibits TSH, a similar mechanism may account for the increased plasma TSH concentrations in ATD. Hypothalamic TSH releasing hormone (TRH) concentrations are normal in post-mortem tissue in ATD (Yates et a!, 1983a) and it is, therefore, unlikely that raised plasma TSH concentrations are due to increased release of TRH. The increase in plasma OH and TSH concentra tions is more marked in the female AID patients. Raised morning plasma ISH concentrations are more common in women, particularly those over the age of 45 years. In the Whickham Community Survey (Iunbridge et a!, 1977) , the percentage of morning ISH concentrations greater than 6 mU/litre was 7.5% for females and 2.8% for males for the whole population, irrespective of age. The percentage of raised TSH concentrations in the age range 55â€"64 years was 10Â°lo for females and 1.9% for males, and in the age range 65â€"74 years was 8% for females and 6.9% for males. In the present study, seven out of the 13 female AID patients (54%) had morning ISH concentrations greater than 6 mU/litre, far in excess of that expected in the general population. Ihe increase in plasma TSH concentrations in female AID patients appears to be central, because peri pheral indices of thyroid function (13, 14 and rI3) were within the normal range and similar to those of control subjects. Plasma OH concentrations did not correlate with ISH in either AID or control subjects, but the control of the secretion of these hormones is complex and somatostatin is only one of many factors involved (Mendelson, 1982; Scanlon eta!, 1980) . Evening plasma TSH concentrations in AID were inversely correlated with plasma cortisol concentrations, and it is possible that raised cortisol 680 CHRISTIE El AL concentrations in the more severelydemented patients inhibit TSH secretion (Re et a!, 1976) . The highly significant reduction of plasma ESN concentrations in AID may be related to the marked deficiency in ATD brain of acetylcholine which is known to stimulate oxytoxin release (Poulain & Wakerley, 1982) and, therefore, presumably the oxytocin-associated ESN. The decreased ESN con centrations may, however, also be due to decreased synthesis of ESN itself, since in rats the staining intensity for the neurohypophysial hormones decreases progressively with age, especially in the paraventricular nucleus and in oxytocin-containing neurones (Watkins & Choy, 1980) , but recent studies of human brain have failed to show any change in the area of oxytocin cells with increasing age (Fliers  et a!, 1985) . Scrapie in sheep, which has some neuropathological features in common with those of AID, causes degeneration of magnocellular neurones, with loss of neurophysin in the posterior pituitary gland (Parry & Livett, 1976) .
The majority of studies report that concentrations of dopamine and homovanillic acid are normal in AID (Yates et a!, 1979; Mann et a!, 1980) . Consistent with this finding, plasma prolactin concentrations were similar in AID patients and age related controls in the present study, as well as in the study of Baildin eta! (1983) . The raised evening plasma cortisol concentrations in AID compared with control subjects are not useful diagnostically, because the morning and evening plasma cortisol concentrations are increased in other dementias and increased throughout the day in MDD, as has also beenshown tobe thecaseinmany previous studies of depression (Gibbons, 1964; Carpenter & Bunney, 1971; Sachar et a!, 1973) . Raised plasma cortisol concentrations are found in many psychotic patients, irrespective of the presence of depressed mood (Christie et a!, 1986) . The raised evening plasma cortisol concentrations in the AID patients appears to be a feature of the more severely demented patients, with an inverse relationship between cortisol concentrations and psychological test scores. Only three of 15 AID patients (20Â°lo) showed early escape from dexamethasone suppression, and the non-suppressors included the two most severely demented patients in the study. Previous studies in These results show significant increases in the con centrations of OH, TSH and cortisol and a decrease in concentration of ESN in the plasma of patients with AID. Increased plasma OH and TSH concentra tions in AID are consistent with reports of reduced somatostatin in post-mortem neurochemical studies, while decreased ESN may be caused by decreased cholinergic activity. The finding of predictable changes in pituitary output based on established neurochemical abnormalities supports the rationale for neuroendocrine studies in psychiatry. These characteristic hormonal changes in AID provide the basis for psychopharmacological analysis of the central neurochemical abnormalities of AID and offer important biological markers for discriminating between AID, other dementias and major depression.
